The Polar Frontal Zone, although predominantly a surface feature, forms a natural northernmost boundary for defining the Southern Ocean, and relatively few benthic organisms have distributions which cross this boundary. Many Antarctic benthic plants and animals have circumpolar distributions but some broad geographical subdivisions may be made. Detailed studies of community distribution are few in Antarctica, but heterogeneity has been demonstrated on all spatial scales. The Southern Ocean has a rich fauna compared with the much younger Arctic basin, and there is no convincing evidence either for or against a universallatitudinal cline in diversity in the southern hemisphere to match that well described from the northern hemisphere. Shallow water distributions are strongly affected by ice-related processes, and this leads to a strong vertical zonation in the biological assemblages of sublittoral habitats.
I, INTRODUCTION
Although the study of Antarctic benthos has a long and distinguished history as far back as the work of HMS Challenger [Dell, 1972; White, 1984; Dayton, 1990; Fogg, 19941, until relatively recently most work has been descriptive. The early expeditions were concerned mainly with documenting and describing the new species to be found in polar waters. These early collectors were conscientious and thorough, and although it is clearly rather difficult to estimate the number of species yet to be described, Winston [19921 has provided an assessment which suggests that the Southern Ocean benthic fauna is at least as well described as those for many other geographical regions (Table I) . For taxa such as macroalgae, bivalve and gastropod molluscs, and polychaetes the Southern Ocean fauna is now relatively well known; for other taxa there have been significant recent advances in knowledge (for example, bryozoans and nemerleans), and a few groups remain difficult and understudied.
Unfortunately the meiofauna remain almost unknown in the
Southern Ocean, although same recent collections have been made and at least one detailed study is underway [Vanhofe el al., in press].
In the last two decades or so, Antarctic benthic ecologists have been concerned increasingly with autecological studies, although there have also been a few important studies of processes such as predation, recruitment and population dynamics (for a recent review see Arntz et al., 1994) . Unfortunately there have been relatively few studies of the processes regulating the distribution of Antarctic benthic organisms, and so this review will necessarily be an attempt to Published in 1996 by the American Geophysical Union. 219 draw a general picture from rather fragmentary knowledge.
Any such attempt inevitably draws attention to Dayton's
vouchsafing of the timeless importance of good, fundamental, natural history; such studies are the foundations on which we build our generalizations [Dayton, 19901. In the first part of this review I will discuss such largescale patterns of distribution as are known from the Southern Ocean. I will then discuss what we know of the processes governing both large-scale and small-scale distribution of Antarctic benthos.
LARGE SCALE PAITERNS OF DISTRIBUTION

Biogeographic Provinces
There have been many attempts to describe broad scale patterns of distribution for the Antarctic marine biota. These have been based on oceanographic patterns [Ekman, 19531, macroalgae [Neushul, 1968; Lawson, 1988; John et al., 19-941, fish [Regan, 1914; Waite, 1919; Nonnan, 1938; Nybelin, 1947; Andriashev, 19651, isopods [Kusakin, 19671, ascidians [Kon, 19691, molluscs [Powell, 19511 or the fauna as a whole [Knox, 1960; Hedgpelh, 1969] . Dell [19721 provides a succinct and balanced discussion of this difficult topic, and proposes a general scheme, itself based essentially on that of Hedgpeth [1969 .. 19701 and which has largely stood the test of time ( Figure I) .
The basic features of the DellJHedgpeth scheme are three concentric zones denoting the High Antarctic Region around the Antarctic continent, the Antarctic Region extending to the Polar Front, and the Subantarctic Region north of the [Clarke, this volume). In recent years, polar oceanographers have tended to divide the surface waters inlo those pennanently ice-covered (roughly, but only roughly, equivalent to the High Antarctic Region proposed by Dell), the vast area of seasonal ice-coverage, and those areas which usually remain ice-free in winter. The latter two zones together overlap Dell's Antarctic region. Within the basic tripartite division, Dell also recognizes a series of smaller districts. These are based largely on islands or island groups, and thus reflect the degree of faunal differentiation between these islands (Figure 1 ). The problem with drawing up such large scale patterns is that they are inevitably biassed by the patchy nature of coverage. A distribution map drawn for any species of Antarctic benthos would essentially represent a plot of where expeditions have worked (a problem which is by no means unique to Antarctica). Large sections of the Antarctic continental shelf in particular remain unsampled (or at least unrepresented in the literature), with particularly critical gaps in waters off Marie Byrd Land (between 90" and 150"W) and off much of east Antarctica (between 0" and 150"E).
Nevertheless many Antarctic benthic organisms are known from numerous widely distributed sites around the Antarctic continent (for example the scallop Adamussium colbeckt)' The best overall collation of such infonnation is still Bushnell and Hedgpeth [1969) although this compilation necessarily lacks the subsequent contributions to Antarctic marine biogeography by Chilean [e.g., Gallarda et al., 1977) , Polish [see Rakusa-Suszczewski, 1993) and Gennan [VofJ, 1988) biologists and by recent international collaborative studies of Brito, 1990; Galiron et al., 1992; KlOser et al. , 1994a) . These patterns suggest that there are no major long-tenn barriers to dispersal for these organisms, and this in tum suggests that further sampling around the Antarctic continent is unlikely to provide evidence for undiscovered major distributional boundaries. In general faunal provinces are mostly clearly defined where large numbers of species reach the edge of their range more or less together. For benthic organisms this is usually related to a wide expanse of deep water, a major land barrier, or a marked change in water characteristics (particularly temperature) [Angel, 1994) . With the present state of knowledge it therefore remains a reasonable inference that many Southern Ocean benthic taxa representative of the High Antarctic Region will prove to be circum-Antarctic in distribution.
Distributional patterns are far more complex along the Antarctic Peninsula and between the various islands of the Scotia arc. lbis reflects, of course, the dynamic nature of dispersal and speciation in this area, and underlies Dell's plea that an understanding of detailed geographical and bathymetrical ranges 'is of far more value . ..... than discussions about systems of (biogeographical) provinces' [Dell, 1972] . Thus Moe and DelAca [1976) have shown that there is a distinct cline in the diversity of macroalgae along the Antarctic Peninsula. Although subsequen~ more detailed, sampling has added to the floral lists at several sites [Brouwer et al., 1994; Chung et al., 1994; Kloser et aI., 19-94b) , the overall pattern remains valid [John et al., 1994) . What is not yet fully understood is the relative extent to which this pattern can be explained by historical processes (glacial advances and refugia) or the impact of physiological limitations [Dayton, 1990; Clayton, 1994 Unfortunately we currently lack similarly detailed information for almost all artimal taxa Further detailed distributional work along the Scotia an; will be especially important in helping to unravel the evolutionary history of the Antarctic benthic fauna.
The Influence of the Polar Fronllll Zone
The Polar Frontal Zone (called the Antarctic Convergence in earlier literature) marks the traditional northern boundary of the Southern Ocean [Dell, 19721. This is a distinct oceanographic feature which fulfills many of the criteria for the boundary of a faunal province. It is, however, predominantly a surface feature and although the distribution of few Antarctic zooplankton extends across the Polar Frontal Zone into subpolar waters [Mockintosh, 19601, this is not necessarily true of either mesopelagic or benthic species.
Many of the species of mesopelagic zooplankton and midwater fish known from the Southern Ocean are widely distributed in other waters [Iwasaki and Nenwto, 1986; Clarke and Holmes, 1987; Kock, 19921, and For the benthos, however, distribution is influenced a number of factors including depth, habita~ bottom topography and oceanography. While the Polar Frontal Zone may influence the dispersal of larvae or rafted adults, the distribution of shallow water benthos will also be affected by large expanses of deep water. The continental shelf around Antarctica is bounded almost completely by deep abyssal plains which isolate the fauna very effectively from the continental shelves of Africa, India or Australasia The only significant connection is with the continental shelf fauna of South America, along the Antarctic Peninsula and through the now fragmented chain of islands fomting the Scotia an;. When taken with the geological and glaciological history of Antarctica. these two factors explain the dominant broad scale features of the biogeography of Southern Ocean benthos, namely the high degree of endemism in many taxa, the distribution of many species in both Antarctica and South America, the patterns of faWJal exchange along the Scotia an;, the concentration of many taxa at the edge of the continental shelf, and the role deep-sea refugia in the evolutionary history of isopods and amphipods [Dell, 1972; White, 1984; Dayton, 1990; Clarke and Crome, 1989, 1992; Brandt, 19921. 
Endemism
Many authors have commented on the high degree of endemism of the Antarctic benthic fauna [summaries are given by Dell, 1972; White, 1984; Picken, 1985; and Dayton, 19-901 . The extent of endemism does of course, depend critically on the definition of the area being considered but the Southern Ocean fonns a naturally discrete entity and the high degree of endemism remains a genuine feature of the polar benthos. Dayton [19901 lists benthic taxa with the percentage of endemic species in the Southern Ocean fauna ranging from >50% (polychaetes, holothurians, bryozoans) to 90% or more (amphipods. pycnogonids). The precise figures will vary depending on recent taxonomic work but the high endemism of Southern Ocean benthos established by the early systematists remains a key biogeographic and evolutionary feature. Nevertheless, many groups do contain taxa that extend into South America, and Antarctica also contains several species which are almost universally distributed across the globe (for example the apparently ubiquitous polychaete Capitella capilala).
Comparison Wilh the Arctic
The fauna of an area such as the Southern Ocean cannot be viewed in isolation, and it is pertinent to ask how the present Antarctic benthic fauna is related to faunas elsewhere. The strongest contrast is probably with the benthic fauna of the An:tic, which unlike the Antarctic is strikingly low in species [Arnaud, 1977; Curtis, 1975; Clarke and Crame, in press] . TIle explanation for the low species richness of the An:tic fauna is likely to be a combination of extreme distwbance from both physical (ice scour, heavy riverine inpu~ salinity fluctuations) and biological (marine mammal activity) factors [Oliver and Slanery, 1985; Daylon, 1990] , together with the relative youth of the system [Dun- IOn, 1992] . This striking difference between the An:tic and Antarctic benthic faunas thus reflects at least in part the differenee in their evolutionary histories, thereby emphasising the importance of historical processes in understanding the pattems we observe today.
The lAtitudinal Diversity Cline
Many groups of benthic marine organisms have a peak in diversity (species richness) in the tropics, with increasingly fewer species at lower latitudes. This latitudinal diversity cline is particularly clear in molluscs but also appears to characterize foraminifera and some other groups [Slehli el al., 1967; Clarke, 1992; Clarke and Crame, in press ]. The cline is particularly marked in the northem hemisphere, in part as a result of the depauperate An:tic fauna and the intense species-richness of the Indo-West Pacific.
It is not currently clear the extent to which a similar cline is to be found in the less well sampled southern hemisphere, or whether it is a general feature of all marine taxa [Clarke, 1992; Clarke and Crame, in press] . What is clear, however, is that the fauna of the Southern Ocean is far more diverse than that of the Arctic, primarily as a result of a long evolutionary histol}' in silu [Lipps and Hickman, 1982; Clarke and Crame, 1989, 1992] . The diversity of the Antarctic marine benthos has recently been summarized by Arnn el al.
[in press] and is discussed elsewhere [Clarke, this volume] ; the diversity and distribution of Antarctic macroalgae has recently been summarized by John el al. [1994] (see section 2.1 above).
SMALL SCALE PATTERNS OF DISTRIBUTION
There have been relatively few studies of the smaller scale distribution of Antarctic benthos. Studies published to date have been coneerned primarily with either the geographical distribution of selected assemblages. or vertical zonation in relation to physical disturbance.
DislribuJion of Benthie Assemblages
Detailed studies of the distribution of benthic assemblages require repeated sampling, and so such studies have generally been undertaken from shore stations. This sort of work has rather gone out of fashion in Antarctic biology of late, but important early studies were those of Gallardo el al. [1977] in Chile Bay, Greenwich Island, and the studies of Arthur Harbour, Anvers Island by Lowry [1969 ], Richardson [1972 and Richardson and Hedgpelh [1977] .
Chile Bay is approximately 3.5 km wide and 5.5 km long, 'with an irregular bottom topography. Much of the bottom is greater than 50 m deep, and the depth increases to over 200 m at the mouth of the bay. The se01ments are mostly vel}' fine sands, with variable amounts of silt and macroaIgal fragments on the surface. Analysis of the bottom faunal assemblages from grab samples indicated that, as is typical of Antarctic soft bottoms, the fauna was dominated, both numerically and in biomass tennS, by polychaetes (61% and 47% respectively). The other important contributors to biomass were molluscs (16%), echinodenns (15%) and ascidians (10%); crustaceans were important numerically (15% of all individuals) but contributed only 2% of the total biomass. TIle benthic assemblage in Chile Bay was speciesrich, with 149 species identified. Although data for many taxa were incomplete (a situation typical for benthic wOlk in Antarctica) it was clear that amphipods, polychaetes and bl}'ozoans were particularly diverse [Gallardo el aI., 1977] .
The most distinctive feature of the benthic assemblage of Chile Bay was the difference in faunal assemblages in shallower and deeper water, with the boundary at about 100 m. The deeper regions were characterized by vel}' high densities of the polychaete Maldone sarsi, with densities up to 6000 m" (Figure 2) ; amphipods, curnaceans and bivalve molluscs were also important in the deeper water samples. At depths shallower than 100m Maldane sa",i was still presen~ but at much lower densities, and the benthic assemblage was characterized by ascidians, gastropod molluscs, the typical shallow water Antarctic bivalve Yoldia eights; and the cumacean Eudorel/a gracilor. Superimposed on these broad trends were smaller scale differences between samples, reflecting fine scale heterogeneity in the habitat and associated fauna.
The soft-bottomed benthic fauna of Arthur Harbour, Anvers Island has been studied in detail by American biologists working from Palmer Station [Lowry, 1975; Richardson, 1976; Richardson and Hedgpeth, 1977; Hyland el al. , 1994] . During January and February 1971 five replicate grab samples were taken from 12 stations in Arthur Harbour, with eight grabs taken from deeper water nearby. These samples yielded 167,853 individuals, of which just under half (77,332) were retained by a I mm mesh screen. These were separated into 282 taxa, of which polychaetes were the dominant group (108 species, 54% of all individuals). Also important were arthropods (117 species, 30%) and molluscs (35 species, II %), although again not all taxa could be resolved to the species level. Of the polychaetes, for example, only just over half (58 species) could be satisfactorily identified and in some particularly difficult groups (for example, capitellids) it was not even clear how many species were involved.
The 12 stations within Arthur Harbour could be classified into five assemblages, with a sixth assemblage in deeper water (and a seventh pseudo-assemblage linking two replicate samples dominated by decaying macroalgae), Four of the five assemblages from within Arthur Harbour appeared to represent a depth continuum, and it is likely that the turnover of species with depth is influenced by a complex suite of environmental factors including temperature and salinity fluctuations, macroalgal debris, ice scour and glacial input. Two of these stations were re-examined in March and April 1989 by Hy/mui el 01. [1994] . At the shallower of these two sites, the biological assemblage was found to have changed considerably in the intervening 18 years. There had been a shift to a more species-rich and abundant macrofauna. similar to that characteristic of the deeper and more physically stable parts of Arthur Harbour. The most likely explanation for this change is that the nearby glacier front has retreated by about 250 m, thereby reducing the level of inorganic sediment input to this part of the bay.
The only recent detailed study of benthic assemblages in Antarctica has been that of the eastern Weddell Sea shelf undertaken in the last decade by German scientists working from RN Polarslem. Vo{J [1988] has shown that the benthic fauna of the eastern WeddeU Sea Shelf may be grouped into three main assemblages (Figure 3 ). 11Iis classification is based primarily on mMerial collected by Agassiz traw!, and hence anyone sample may have .mixed organisms from a variety of different commurtities or habitats. GaUron el aL [1992] showed that within these main assemblages there were spatial differences associated with, for example, distance from the ice shelf. More recent work using underwater photography of organisms in situ has demonstrated a high degree of spatial heterogeneity in the distribution of both individual species and assemblages [Barthel el aI., 1991; GUll el aI., 1991] . 11Iis indicates that the classification of broad commurtities by Vo{J [1988] necessarily 0b-scures much fmer detail.
The cost of mounting large scale oceanographic work in the Southern Ocean means that this remains the only recent detailed large-scale study of the distribution of benthic communities in Antarctica. Most recent work, particularly that from shore stations, has concentrated instead on faunal and floral inventory, autecology or the finer scale distribution of particular species or higher level taxa. 
4, FINE SCALE DISTRIBUTION PATfERNS IN ANTARCTIC BENTIIIC COMMUNITIES
The benlhic organism whose distribution has been studied more thoroughly in the Southern Ocean than perhaps any other is the Antarctic limpet, Nocella concinna. This is a very common species in sublittoral habitats of the maritime Antarctic, with maximum densities being attained at 4-5 m below mean low water (ML W) on the study site at Signy
Island [Picken, 1980) and at similar depths near Palmer Station [Hedgpeth, 1%9; Shabica, 1971 Shabica, , 1972 Shabica, , 1976 . Over the depth nmge of the study at Signy Island (2-12 m below MLW) the mean density was 124 individuals m·', and the limpets nmged freely over all types of hard substratum, though they largely avoided extensive areas of soft bottom.
In all of the 21 monthly collections the variance in density exceeded the mean, indicating a highly contagious distri-
bution. Nacella concinna is not a homing species and this
distribution is likely to be the result of a number of interacting factors, including seasonal aggregation for spawning [Picken and Allan, 1983) , and predation by starfish [Shabica, 1971) and the· large common nemertean Parborlasia corrugalus.
In the littoral zone, Nocella concinna is restricled to sheltered crevices and vertical rock surfaces [Walker, 1972; Shabica, 1976] . This is paniy because of predation by birds [Hedgpeth, 1969; Shabica, 1976; Castilla and Rozbaczylo, 1985; Nolan, 1991) but also to aid resistance to heat stress and desiccation [Davenport, 1988) . The presence of limpets in the intertidal zone is highly seasonal, for lhis habitat is encased in solid ice during the winter, forcing the limpets migrate into deeper water [Walker, 1972) . The seasonal migration into the intertidal, although exposing the limpets to enhanced predation by birds allows them to take advantage of the rich seasonal microbial film.
Picken [1979) undertook a detailed study of the prosonmch gastropod fauna of a shallow water area at Signy Isand. The bottom was of mixed gravel and sand and suported a dense gmwth of macroalgae dominated by Himanothallus grandifoUus. Desmarestia anceps and Ascoseira mirabilis [Richardson, 1979) . A total of 31 species of gastropod were collected, only eleven of which were previously known from the South Orkney Islands. For all of these species, the variance of the ten monthly samples always exceeded the mean, indicating a contagious (overdispersed) distribution. In most cases the species were closely ass0-ciated with macroalgae, which explained their distribution, for the macroalgae were themselves so distributed [Picken, 1979) . Such detailed studies of distribution emphasize the fine scale heterogeneity in the distribution of marine organisms. This heterogeneity is the result of underlying habitat hetergeneity, as weD as biological processes such as ice abrasion, spatial variations in recruitment, and predation. The impact of such heterogeneity on ecosystem function is unclear, but of particular interest in a polar context is how spatial hetero-geneity influences !he population dynamics and gene flow of """ species witllOut a dispen;ing larval stage. Unfortunately, aIn10st nothing is known of this at present.
5, VERTICAL ZONATION
Perhaps the most striking distributional feature of marine organisms, and one which has been studied in all areas of the globe, is that of vertical zonation. The obvious and striking influence of ice on the vertical distribution of polar marine benthos has meant that studies of vertical zonation also had a long history in Antarctica.
Intertidal Zone
The lack of a significant littoral or intertidal flora and fauna in much of Antarctica has been remarked upon since the earliest expeditions, but the fin;t attempt to put the results of these earlier workers into a wider ecological context was that of Krwx [1960) . Knox remarked that in Antarctica a littoral flora and fauna is 'generally absen/'; where algae are found they exist in shellered nooks and do not form the bands so characteristic of cold-temperate and Subantarctic areas. The sessile marine invertebrates found widely in the intertidal zone elsewhere, such as mussels and balanoid barnacles, are completely absent, although some molluscs can be found in summer (for example !he limpet Nocella can· cinna, and a variety of small gastropods and bivalves). Since Knox's review there has been considerable work on !he shallow water fauna of Antarctica, particularly at various sites on the Antarctic Peninsula and in the maritime Antarctic. Ths has extended significantly our unden;tanding of the patterns of vertical zonation in the upper reaches of the shore, but has left the basic picture discussed by Knox [19· 60 ) essentially untouched.
The intertidal zone near Palmer Station was examined by a number of biologists in the late 1960s and early 1970s [Hedgpeth, 1969b; McCain and Stout, 1969; Stout and Shoo bica, 1970; Shobica, 1971 Shobica, , 1972 Stocklon, 1973; Moe and DelAca, 1976) . During the summer months there develops a weD-defined band of filamentous green algae, including species of Emromorpho, Ulothrix, Urospora and C/adnpho· ro; Stocklon [1973 Stocklon [ , 1990 recorded Urosporo sp. as the principal intertidal species. In more shellered cracks and crevices there are small thalli of red algae including Leptosomia simplex, Curdiea racowiflfJe and Iridaea obovata. During the winter, all of these disappear [Shobica, 1972) and the flora must recruit afresh to !he intertidal next season.
The fauna in the intertidal is sparse, but by no means nonexistent. The most conspicuous anima1 is the Antarctic limpet Nacella concinna (formerly Patinigera polaris) but there are also bivalves (Lasaea rubra, Kidderia bicolor), as weD as several gastropods, polychaetes, hydroids, nemerleans and amphipods. In some areas there are conspicuous patches of the crustose red alga Hildenbrandia, the upper limit of which can form a straight line, probably marl<ing !he lowest extent of the tide [Hedgpeth, 1%9b; Stocklon, 1990) . Hedgpeth [1969b) reported that intertidal life at Palmer Station was limited essentiaUy to the lowest 0.3 meten;. The mean annual tidal range between a high tide and the subsequent low tide is 0.65 meters, with a maximum value of 1.65 meters, and a maximum range between extreme highs and extreme lows of 2.19 meten; [Amos, 1993) . Rocky shores are highly variable habitats, with the degree of exposure to wave action as a principle environmental variable. Thedescription above, largely based on the WOIX of Hedgpeth [1969) and subsequent worken; at Palmer Station, is probably typical of the maritime Antarctic in sloping areas relatively protected from wave action but exposed to brash ice [Stockton, 1990) .
Most of the work on the intertidal zone of the maritime Antarctic has been carried out during the austral summer once the winter ice has melted, and algal growth is conspicuous. A recent study of vertical rock faces at Signy island involved year-round observation, and has demonstrated the importance of the winter ice-foot to the dynamics of the intertidal commurtity [Barnes, 1995) . In many polar areas the formation of winter sea-ice, together with the subsequent tidal movement of this ice, leads to the build up of a rnassi ve encasement of ice in the intertidal zone; this is often referred to as the ice-foot (Figure 4 ; Kotlyakov and Smolyarovo, 1990) . At Signy Island the tidal range is approximately 2.5 meten; during spring tides and about 1.5 meten; during neap tides; the ice-foot usually extends over a depth range slightly greater than the maximum tidal range and may thicken extensively during the winter.
For obvious reasons it is very difficult to sample beneath the ice-foot in winter, but it is likely that no intertidal life survives its fonnation, and the habitat is colonized de novo each season once the ice melts. In these areas there is virtually no intertidal life apart from the sparse summer colonizing flora and fauna, down to about 2 meten;; abundant life does not start until about 4 meten; [Barnes, 1995) . A similar pattern has been described at King George Island [Rauschen, 1991) .
Where the intertidal has a shallower slope the ice-foot may develop less extensively. Here some longer-lived sessile organisms (for example, small bivalves) may survive in sheltered crevices. How these organisms overcome the effects of freezing when exposed to low winter air temperatures is not at all clear, although there is some evidence that some species may be able to survive freezing of extracellular water [Kanwisher, 1955) . Despite its obvious importance to understanding the distribution and ecology of polar and cold-temperate intertidal organisms, very little work has been undertaken on how these organisms withstand the low air temperatures to which they may be regularly exposed.
Where appropriate topography occun;, tid" pools can be found. At Palmer Station these pools become blanketed by almost 2 meters of snow and shore ice in winter, but they can remain open to the subtidal water through tunnels originating at their seaward edge [Shabica, 1972] . These tunnels allow seawater to circulate at high tide, and their temperature thus never fall below -1.97"C despite ambient air temperatures below -2O"C. During winter there was a marked reduction in the size and number of algae, although fructification of Iridaea sp. was noted throughout the winter [Shabica, 1972] . Where they are found, tide pools may therefore be an important factor in allowing some species to overwinter within the intertidal habitat. Tide pools have also been descrihed from Robert Island, also in the South Shetland Islands [Caslilla and Rozbaczylo, 1985] . Here the surrounding flora included Porphyra endirifolium. Urospora penicilli/ormis, Enleromorpha bulbosa, Iridaea obvala and Adenocystis utrincularis. The bottom of the tide pools was encrusted with Iithothamnioid algae and Hildenbrandria, and the fauna included the abundant small gastropod Laevilittorina antarctica.
Intertidal Soft Sedimenls
There are very few areas of tidal mud in the Antarctic, and where these do occur (for example, at several sites in the South Orkney Islands and the northern Antarctic Peninsula) they have been little studied, and much of what work has been done unfortunately languishes unpublished. Although these areas are covered by snow and ice in winter, the shallow slope predicates against the formation of a damaging ice-foot. The flora and fauna is more extensive than in the rocky intertidal, and where glacial debris provides scattered rocks as substrata, a relatively rich biota can develop.
Typically iii areaS of sheltered water (for example, where moraine debris affords protection from swell and brash ice) there can be a rich development of diatoms, microbial films, filamentous green algae and red macroalgae. The dominant grazers appear to be the ubiquitous Nocella concinna, but also characteristic are the smaller Laevilinorina species, which are very common on the underside of rocks. In these areas suspension feeders can exist in the intertidal, and typical representatives include serpulid polychaetes, hydroids and bryozoans [Bames, 1995; Bames el al., in press] , and the bivalves, Lasaea rubra, Lissarea miliaris and Kidderia hie%r. Predators include the nemertean Tetrastemmis, nepthtyid polychaetes, amphipods and at least one very common planarian. The sediments themselves, at least wben sufficiently removed from the immediate impact of glacial inpu~ support a varied infauna which includes capitellid and maldanid polychaetes, amphipods, bivalves, sipunculids and the infaunal anemone Edwardsia. Rauschert [1991] has reported a large priapulid from the intertidal of the Fildes Peninsula. Although intertidal mud and mixed substrata are a rare habilat in Antarctica, they deserve attention for the insights they may provide for the impact of physical factors on the development of infaunal communities.
Subtidal Zonation
A strong vertical zonation in subtidal benthic communities has been descrihed for many areas of the Southern Ocean and is probably a universal feature of Antarctica.
Vertical zonation has been reported for high Antarctic sites around the continen~ including McMurdo Sound [Daylon el aI., 1970] , Haswell Islands [Gruzov el aL, 1977] , Terra Nova Bay [Gambi el al., 1994] , Terre Adelie [Arnaud, 1974] and Ellis Fjord [Kirkwood and Burton, 1988] .
At McMurdo the primary agent causing the strong vertical zonation is the formation of anchor ice. Anchor ice forms when undercooled water produced during the formation of surface ice sinks and encounters suitable nucleating sites, which are often sessile marine organisms. The ice then grows, encasing and killing the benthos, until its buoyancy is sufficient for it to tear free of the seabed, lifting the entrapped organisms to the surface. In high latitudes such as
McMurdo anchor ice may form as deep as 30 meters [Day-
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IOn et al., 1%9; Zamorano, 1983] and can result in a severe depletion of benthic flora and fauna to that depth. Generally the shallower depths are populated by mobile grazing or scavenging fauna such as limpets, echinoids and starfISh; sessile invertebrates are usually few.
In the maritime Antarctic and the northern Antarctic Peninsula the incidence of ancbor ice is less frequen~ and its impact generally only reaches depths of a few meters [Shabica, 1972; Rauschert, 1991; Bames, 1995] . Furthermore, anchor ice at these more northerly locations is often less consolidated and consequently less damaging to the fauna [Shabica, 1972] . Other fomlS of ice, notably brash ice and small bergs, do however exert an impact on benthic communities in the shallower waters.
Most studies of zonation have been qualitative, but a recent detailed photographic study of vertical zonation at Signy Island has provided valuable quantitative data on the vertical zonation of the benthos [Bames, 1995 [Bames, .. 1995b ]. On exposed vertical faces, the effect of the winter ice-foot renders the rock essentially bare down to 1.5 meters below mean tide level. From 2 to about 3.5 meters the biota is dominated by various fomlS of coralline algae (Hildenbrandia, Lithatharninion) and macroalgae; animal taxa include serpulid polychaetes, cnidarians, ascidians and the characteristic early colonizing bryozoans Celleporella bougainvillei, InveT$iula nwrix and Escharoides tridens. The deeper zone from 4 to about 5.5 meters is characterized by bryozoans (especially Baenia erecta and Arachnapusia inchaata) and sponges. A representative profile for a vertical face at Signy Island is shown in Figure 5 .
The interesting feature of these profiles on steep rock faces is the predominance of bryozoans. On stable substrata bryozoans are almost always competitively inferior to other encrusting faun .. particularly sponges and ascidians. The predominance of bryozoans at shallow depths at Signy Island, and the importance of characteristic early successional species such as Baenia erecta, suggests a biota subject to frequent and massive disturbance by ice-scour. Once an area has been cleared of faun .. then early colonizing species such as bryozoarlS and serpulid polychaetes are able to dominate until they are either outcompeted by other tax .. or the community is again eradicated. That sponges and ascidiarIS are rarely dominant at shallow depths at Signy Island indicates a high frequency of ice-scour and recolonization relative to the rate of establishment of a competitively dominant spongeJascidian assemblage [Barnes, 1995a] .
Zonation was also examined on transects comprising vertical profiles extending to 40 m at two sites at Signy island [Bames, 1995b] at Powell Rock or at 12 m at Outer Island) were encrusting bryozoarlS to be found. Indeed it is a common observation in the maritime Antarctic that the densest and most diverse assemblages of sessile benthos are to be found wherever local topography offers a modicum of protection from abrasion by ice. Where the substratum switched to soft-bottom then the proportion of area utilized by encrusting flora or fauna decreased markedly ( Figure 6 ). These studies of benthic zonation at Signy Island [Barnes, 1995 [Barnes, .. 1995b ] are the most detailed and comprehensive yet undertaken in Antarctica. They do, however, agree broadly with the earlier studies undertaken both at sites in the maritime Antarctic [Shabica, 1972; Zamorano, 1983; Rauschert, 1991] and in the high Antarctic [Dayton et al. 1970; Arnaud, 1974; Cruzov, 1977; Kirkwood and Burton, 1988; Camhi et al., 1994] . At shallower depths the primary controls on as- ...,..". ,,..,,,..,,,, semblage composition are those of aspect, sUbStralum and ice impact; it is only in deeper waters that ecological interactions come to be the dominant factor [Dayton et al., . The interaction between pattern and process is discussed elsewhere [Clarke, this volume].
Aclcnowlt!dgtments. Work on the ecology of benthic marine invertebrates at Signy Island forms part of the Nearshore Marine
Biology program of the British Antarctic Survey. Thanks are due to the many biolOgiSts, assistants and diving officers who have sustained this program from 1962 until its closure in 1995. From 1996 the program wi1l be based at Rothera Station and will form a contribution to !he SCAR EAS1Z (Ecology of Ibe Antart:tic Sea-Ice Zone) progmm. 1lbanlc Martin White and two referees for helpful corrunents on the manuscript
